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(57) ABSTRACT

In order to cause the residual magnetic flux in an induction
motor to decay in a short time without an excessive current
flow, an induction motor control apparatus continues an
operation in which an inverter apparatus is caused to output a
zero voltage to the induction motor for a predetermined time
before deactivating an operation of the inverter apparatus.
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CONTROL METHOD FOR INDUCTION
MOTOR

BACKGROUND

1. Technical Field

The present disclosure relates generally to an apparatus for
driving an induction motor.

2. Related Art

As a motor drive system for industrial applications, a sys-
tem by which an induction motor or a synchronous motor is
variable-speed driven by using an inverter apparatus is widely
used. For example, in railway vehicles, generally one to four
induction motors are driven by a single inverter apparatus.

A railway vehicle typically accelerates from a deactivated
state by starting the inverter apparatus, transitions to a coast-
ing state in which the vehicle runs through inertia while the
inverter apparatus is deactivated, and then accelerates or
decelerates from the coasting state by restarting the inverter
apparatus.

In the coasting state, the inverter apparatus is deactivated,
so that no voltage is applied from the inverter apparatus to the
induction motor. In principle, however, the magnetic flux in
the induction motor does not disappear immediately but
remains after the inverter apparatus is deactivated. The mag-
netic flux that remains in the induction motor when the
inverter apparatus is deactivated is referred to as “the residual
magnetic flux”. When there is the residual magnetic flux, an
induced voltage proportional to the product of the residual
magnetic flux and the rotation speed is produced in the induc-
tion motor.

In the state in which the inverter apparatus is deactivated,
the energy of the residual magnetic flux is consumed by the
resistance of the rotor of the induction motor, and the residual
magnetic flux decays in accordance with a time constant
determined by the values of resistance and inductance of the
induction motor. In the case of an induction motor for railway
vehicles, the time constant that determines the decay time of
the residual magnetic flux is on the order of 200 to 600 ms.

The time it takes for the residual magnetic flux to decay to
zero is approximately three times the time constant (namely,
600 to 1800 ms), considering the fact that the step response of
afirst-order lag system reaches approximately 95% of a target
value in three times the time constant. The time constant with
which the residual magnetic flux decays is on an increasing
trend because of the increasingly widespread use of induction
motors with smaller resistance values as part of the recent
energy-saving measures.

While the duration of time for which the railway vehicle is
coasted depends on the type of the vehicle and the method of
operation, such as whether it is by manual operation or an
automatic operation by an ATO (Automatic Train Operation)
apparatus, the inverter apparatus may in some cases be
restarted by ending the coasting operation before the residual
magnetic flux decays to zero.

When the inverter apparatus is started in the state in which
the residual magnetic flux remains, excessive current may
flow depending on the phase of the induced voltage due to the
residual magnetic flux and the voltage outputted from the
inverter apparatus. This is not desirable from the viewpoint of
protection of the inverter apparatus. This may further lead to
transient torque variation, thereby adversely affecting the
ride.

When speed sensor-less vector control is implemented
such that, instead of detecting the rotation speed of the induc-
tion motor by using a speed sensor, the induction motor is
driven by estimating the rotation speed from the current flow
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through the induction motor, speed estimation failure may be
caused by the induced voltage as disturbance due to the
residual magnetic flux.

The current may be suppressed by controlling the phase of
the voltage outputted from the inverter apparatus if the phase
of'the residual magnetic flux can be accurately grasped. How-
ever, the addition of a sensor for detecting the phase of the
magnetic flux, for example, results in an increase in manu-
facturing cost or maintenance cost. Further, when a method of
estimating the phase of the magnetic flux is employed, the
residual magnetic flux may not be accurately detected
because of the influence of manufacturing errors in the resis-
tance value or inductance value of the induction motor, varia-
tions in the constant due to temperature shifts and the like.

Because the residual magnetic flux decays in accordance
with the time constant determined by the resistance value and
inductance value of the induction motor as mentioned above,
amethod may be employed by which the inverter apparatus is
restarted after a sufficient time. This method, however, limits
the operation of the inverter apparatus and is therefore not
preferable.

For the above reasons, it is preferable that the residual
magnetic flux has decayed to zero when the inverter apparatus
is restarted. Several methods for causing the decay of the
residual magnetic flux have been proposed.

JP Patent Publication (Kokai) No. 2008-113501 A
describes a method by which, when deactivating the inverter
apparatus, the inverter apparatus is operated for a certain time
by switching a voltage command for the inverter apparatus
from a normal operation command to a command for causing
the decay of the residual magnetic flux.

JP Patent Publication (Kokai) No. H10-66386 A (1998)
describes a method by which, when deactivating the inverter
apparatus, all of upper arms or lower arms of the inverter
apparatus are simultaneously turned on so as to form a short
circuit between the inverter apparatus and the induction
motor.

SUMMARY

As amethod for causing the decay of the residual magnetic
flux, the following points need to be considered: (1) no exces-
sive current flows through the inverter apparatus so as to
protect the inverter apparatus and prevent torque variation;
and (2) the decay of the residual magnetic flux occurs in a
short time such that the operation intervals of the inverter
apparatus are not affected.

However, by the method according to JP Patent Publication
(Kokai) No. 2008-113501 A, the calculation equation for
calculating the voltage command for normal operation and
the calculation equation for calculating the voltage command
for causing the decay of the residual magnetic flux differ, so
that the output voltage from the inverter apparatus may
become discontinuous upon switching of the voltage com-
mand, resulting in an excessive current flow. Further, there is
no specific description of the time for operation of the inverter
apparatus on the basis of the voltage command for causing the
decay of the residual magnetic flux.

By the method according to JP Patent Publication (Kokai)
No. H10-66386 A (1998), an induced voltage by the residual
magnetic flux is applied to the short circuit between the
inverter apparatus and the induction motor, so that excessive
current may flow between the inverter apparatus and the
induction motor.
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In view of the foregoing problems, it is an object of the
present invention to cause the decay of the residual magnetic
flux of an induction motor without causing an excessive cur-
rent flow and in a short time.

According to an embodiment, an induction motor drive
apparatus continues an operation in which the inverter appa-
ratus is caused to output a zero voltage to the induction motor
for a predetermined time before deactivating the operation of
the inverter apparatus.

Effects of the Invention

In the induction motor drive apparatus according to the
embodiment, the residual magnetic flux of the induction
motor can be caused to decay without an excessive current
flow and in a short time when the inverter apparatus is deac-
tivated. Thus, the inverter apparatus can be restarted without
being affected by the residual magnetic flux.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 illustrates a configuration of an induction motor
drive apparatus according to an embodiment;

FIG. 2 illustrates an equivalent circuit for one phase of an
inverter apparatus 2 and an induction motor 3;

FIG. 3 is a time chart for a conventional operation for
deactivating the inverter apparatus 2;

FIG. 4 illustrates an operation of the present embodiment
with reference to the equivalent circuit for one phase of the
inverter apparatus 2 and the induction motor 3; and

FIG. 5 is a time chart for an operation for deactivating the
inverter apparatus 2 according to the present embodiment.

DETAILED DESCRIPTION

FIG. 1 illustrates a configuration of an induction motor
drive apparatus according to an embodiment of the present
invention. The drive apparatus according to the embodiment
includes an inverter apparatus 2 and a control apparatus 4. The
inverter apparatus 2 converts direct-current power obtained
from a direct-current voltage source 1 into three-phase alter-
nating-current power and supplies the three-phase alternat-
ing-current power to an induction motor 3. The induction
motor 3 converts the three-phase alternating-current power
obtained from the inverter apparatus 2 into axial torque.

The control apparatus 4 calculates alternating-current volt-
age commands Vu*, Vv*, and Vw* for the inverter apparatus
2 on the basis of: a voltage Ed of the direct-current voltage
source 1 detected by a voltage detection unit 5; alternating-
current currents Iu, Iv, and Iw detected by current detection
units 6a, 65, and 6¢; and a rotation speed Fr of the induction
motor 3 detected by a speed detection unit 7. The control
apparatus 4 then outputs the calculated alternating-current
voltage commands Vu*, Vv* and Vw* to the inverter appa-
ratus 2.

For the calculation of the alternating-current voltage com-
mands Vu*, Vv* and Vw*, vector control is widely used as
one of alternating-current electric motor control systems.
Vector control is a control scheme in which an orthogonal
coordinate system that rotates in synchronism with the mag-
netic flux in the induction motor is defined, and the induction
motor is driven by using a relational equation of current and
voltage in the orthogonal coordinate system. Vector control is
widely known and thus a detailed description thereof is omit-
ted.

The orthogonal coordinate system used for vector control
has a d-axis in the direction of the magnetic flux in the induc-
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tion motor and a g-axis in the direction perpendicular to the
d-axis. When a voltage in the d-axis direction is Vd, a voltage
in the g-axis direction is Vq, a current in the d-axis direction
is an excitation current Id, and a current in the g-axis direction
is a torque current Iq, the relational equation of current and
voltage for the induction motor is as follows.

Lm

Equation 1
Vd = (Ro+s-Le)-Id =2 Fi- Lo Iq = R2- T35 -9 quation

L
Vq:(Ro'+s-L0')-1q+27r-Fi-L0'-1d+27r-Fr-Em-qﬁd

Lm-1d

d=—
¢ 145-72

where Ro is a resistance referred to the primary, Lo is a
leakage inductance referred to the primary, 1.2 is a secondary
self-inductance, R2 is a secondary resistance, Lm is a mutual
inductance, T2 is a secondary time constant, ¢d is a d-axis
magnetic flux, Fi is a frequency command, Fr is the rotation
speed of the induction motor, and s is a differential operator.

Generally, induction motor control involves the determi-
nation of the excitation current Id and the torque current Iq by
coordinate transformation of the alternating-current currents
Tu, Iv, and Iw and the calculation of a d-axis voltage command
Vd* and a g-axis voltage command Vq* according to Equa-
tion 1 such that Id and Iq correspond to the respective com-
mand values 1d* and Iq*. Further, the inverter apparatus is
operated by determining the voltage commands Vu*, Vv*,
and Vw* through coordinate transformation of Vd* and Vg*.

FIG. 11is merely an example of the drive apparatus and does
not limit the present invention. While in the example of FI1G.
1 the single induction motor 3 is driven, a plurality of induc-
tion motors may be driven. Further, while three current detec-
tion units are illustrated, since the sum of the three-phase
alternating-current currents Iu, Iv, and Iw is zero for structural
reasons, two current detection units may be installed to detect
Iu and Iv and then Iw may be calculated according to the
following Equation 2.

Iw=—(lu+lv) Equation 2

Further, when speed sensor-less vector control is imple-
mented to estimate the rotation speed of the induction motor
3 on the basis of the alternating-current currents Iu, Iv, and Iw,
the speed detection unit 7 may be omitted.

In the following, the residual magnetic flux in the case of
deactivating the inverter apparatus 2 without using the present
embodiment will be described for comparison.

FIG. 2 illustrates an equivalent circuit for one phase of the
inverter apparatus 2 and the induction motor 3. FIG. 2 illus-
trates the state in which the inverter apparatus is deactivated.
This state corresponds to the shaded portion of FIG. 3 which
will be described later.

Referring to FIG. 2, the inverter apparatus 2 is represented
by an alternating-current voltage source 8 that outputs a volt-
age for the voltage command Vu* outputted from the control
apparatus 4, and a switch 9 that is opened or closed in accor-
dance with an operation command to the inverter apparatus 2.

The portion of FIG. 2 enclosed by a dashed-dotted line
indicates the equivalent circuit for one phase of the induction
motor 3. R1 is a resistance referred to the primary, and La is
the leakage inductance referred to the primary. R2' and Lm'
are the secondary resistance and the mutual inductance,
respectively, referred to the primary, which are expressed by
the following Equations 3 and 4.
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" ) Im2 Equation 3
RY = R2:( 73]

, Lm? Equation 4
b=

where [.2 is the secondary self-inductance, R2 is the second-
ary resistance, and Lm is the mutual inductance.

FIG. 3 is a time chart for a conventional operation for
deactivating the inverter apparatus 2, indicating, successively
from the top, a first operation command, a second operation
command, a torque current, an excitation current, a voltage
Vu outputted by the inverter apparatus (hereafter referred to
as the “inverter voltage™), and an induced voltage Vm in the
induction motor. The current that flows in the induction motor
3 is indicated by the excitation current and the torque current
on the assumption that the induction motor is driven by vector
control.

The first operation command is a command from the con-
trol apparatus 4 to the inverter apparatus 2 that indicates the
timing for the start of a decrease in the excitation current and
the torque current from predetermined values to zero. When
the first operation command falls, the respective currents start
to be decreased. While in the illustrated example the decrease
in the torque current is started first, the torque current and the
excitation current may simultaneously start to be decreased,
orthe start of decrease in the torque current may be delayed as
in the excitation current, as long as the currents start to be
decreased after the fall of the first operation command.

The second operation command is a command from the
control apparatus 4 to the inverter apparatus 2 that indicates
the timing for deactivating the inverter apparatus 2. When the
second operation command falls, the inverter apparatus 2 is
deactivated. The state in which the second operation com-
mand is fallen corresponds to the state in which the switch 9
of FIG. 2 is open.

Normally, the inverter apparatus is deactivated after the
excitation current and the torque current have decayed to
zero. However, because the command Vu* for the inverter
voltage Vu is calculated according to Equation 1, it does not
immediately become zero due to the remaining term for the
d-axis magnetic flux ¢d even when the excitation current and
the torque current have decayed to zero.

The energy of the residual magnetic flux is consumed by
the flow of current in the path indicated by an arrow through
R2'in FIG. 2 and decays in accordance with a time constant
Lm'/R2'=[.2/R2=T2. In the case of induction motors for rail-
way vehicles, the time constant T2 is on the order of 200 to
600 ms. In view of the fact that the step response of a first-
order lag system reaches approximately 95% of a target value
in three times the time constant, it takes approximately three
times the time constant T2 (namely, on the order of 600 to
1800 ms) before the residual magnetic flux decays to zero.

Next, the residual magnetic flux in the case where the
inverter apparatus 2 is deactivated by the induction motor
drive apparatus according to the present embodiment will be
described.

FIG. 4 illustrates an operation of the present embodiment
with reference to the equivalent circuit for the one phase of the
inverter apparatus 2 and the induction motor 3. The reference
signs are similar to those of FIG. 2. According to the present
embodiment, before the inverter apparatus 2 is deactivated,
the inverter apparatus 2 is operated in a state in which the
inverter voltage Vu is a zero voltage, the state corresponding
to the shaded portion of FIG. 5 as will be described later. The
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“zero voltage” herein refers to the fact that the effective value
of'the voltage outputted from the inverter apparatus 2 is zero.

According to the present embodiment, as opposed to FIG.
2, the inverter apparatus 2 outputs the zero voltage before the
inverter apparatus 2 is deactivated, so that the energy of the
residual magnetic flux is consumed by the flow of current in
the path indicated by an arrow in FIG. 4.

In induction motors for railway vehicles, Lo is on the order
of 2 to 3 mH while Lm' is approximately ten times as large,
i.e., on the order of 20 to 30 mH. Thus, the portion of FIG. 4
in which Lm' and R2' are connected in parallel may be con-
sidered as if only R2' exists. Accordingly, the time constant
that determines the time for the decay of the magnetic flux can
be approximated by Lo/(R1+R2")=L.o/Ro=To.

In induction motors for railway vehicles, To is on the order
of' 10 to 20 ms. Thus, compared with the related art described
with reference to FIGS. 2 and 3, the residual magnetic flux of
the induction motor 3 can be caused to decay in a short time.

FIG. 5 is a time chart for describing an operation for deac-
tivating the inverter apparatus 2 according to the present
embodiment. The types of the signals are similar to those of
FIG. 3. According to the present embodiment, the magnetic
flux is caused to decay in accordance with the time constant
To as described above. Thus, the command Vu* for the
inverter voltage Vu is calculated according to the following
Equation 5 in which the time constant T2 in the equation for
¢d in the third line of Equation 1 is switched to To simulta-
neously with the fall of the first operation command.

. Lm Equation 5
Vd:(Ro'+s-L0')-1d—27r-Fz-L0'-1q—R2-E-¢d

Lm
Vq:(Ro'+s-Lo’)-1q+27r-Fi-Lo’-1d+27r-Fr-E-¢d

Lm-1d
T l+s-To

od

In this way, the voltage command can be calculated in
accordance with the time constant with which the magnetic
flux actually decays. Namely, when the first operation com-
mand falls, the respective currents start to fall to zero. When
the currents are zero, the inverter apparatus 2 outputs the zero
voltage for forming the circuit state illustrated in FIG. 4.
Thus, in order to form the circuit state illustrated in FIG. 4 as
soon after the fall of the first operation command as possible,
the time constant is switched at the fall of the first operation
command, and the voltage command is calculated in accor-
dance with the time constant after the switching.

By switching the time constant, the induced voltage Vm
can be decreased as soon as possible even before the circuit
state of FIG. 4 is formed. The equations for calculating the
voltage command are common with only the time constant
switched from T2 to To, so that the continuity of the voltage
command before and after the switching of the time constant
is ensured and no excessive current flows.

The time between the start of the output of the zero voltage
from the inverter apparatus 4 and the convergence of the
residual magnetic flux to zero may be approximately three
times the time constant To (=on the order of 10 to 20 ms).
Thus, the inverter apparatus 2 may be deactivated by causing
the second operation command to fall after atleast 30 to 60 ms
or more following the convergence of the excitation current
and the torque current to zero.

SUMMARY OF THE EMBODIMENT

Thus, in the induction motor drive apparatus according to
the present embodiment, the zero voltage is outputted from
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the inverter apparatus 2 before the inverter apparatus 2 is
deactivated, and the residual magnetic flux is caused to decay
in accordance with the path illustrated in FIG. 4. In this way,
the residual magnetic flux can be caused to decay in a short
time.

Further, the induction motor drive apparatus according to
the present embodiment causes the inverter apparatus 2 to
output the inverter voltage with the effective value of zero,
instead of short-circuiting the inverter apparatus 2 and the
induction motor. Thus, the residual magnetic flux can be
decreased safely without an excessive current flow in the
inverter apparatus 2.

While the present invention has been described herein with
reference to a preferred embodiment thereof, it should be
understood that various changes and modification may be
made to the particular examples without departing from the
spirit and scope of the present invention.

All or some of the elements, functions, processing units
and the like may be designed for an integrated circuit and
thereby implemented as hardware, or they may be imple-
mented as software such that a program for implementing the
corresponding functions is executed by a processor. The pro-
grams for implementing the various functions, information
for tables and the like may be stored in a storage apparatus,
such as amemory or a hard disk, or a storage medium, such as
an IC card or a DVD.

REFERENCE SIGNS LIST

1: Direct-current voltage source

2: Inverter apparatus

3: Induction motor

4: Control apparatus

5: Voltage detection unit

6a to 6¢: Current detection units

7: Speed detection unit

8: Alternating-current voltage source
9: Switch

What is claimed is:

1. An induction motor control apparatus for controlling an
operation of an induction motor by controlling an operation
of an inverter apparatus that converts direct-current power
into alternating-current power and supplies the alternating-
current power to the induction motor, wherein

the operation of the inverter apparatus is deactivated after

an operation in which the inverter apparatus is caused to
output a zero voltage to the induction motor is continued
for apredetermined time, such that a magnetic flux in the
induction motor is caused to decay before the operation
of the inverter apparatus is deactivated,

in a period before the inverter apparatus is caused to output

the zero voltage and before the start of a decrease in a
torque current and an excitation current for the induction
motor, a voltage command for the inverter apparatus is
calculated by using a calculation equation including a
time constant calculated from a secondary resistance of
the induction motor and a secondary self-inductance of
the induction motor as a parameter; and

in a period after the start of the decrease in the torque

current and the excitation current and until the torque
current and the excitation current become zero, the time
constant included in the calculation equation is changed
to a time constant calculated from a resistance value
converted to the primary side of the induction motor and
aleakage inductance value converted to the primary side
of the induction motor.
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2. The induction motor control apparatus according to
claim 1, wherein the time in which the inverter apparatus
outputs the zero voltage is at least three times or more of a
primary time constant calculated from a resistance value and
an inductance value of the induction motor.

3. The induction motor control apparatus according to
claim 1, wherein a voltage command for the inverter appara-
tus is calculated by using a calculation equation in which a
leakage inductance converted to the primary side of the
induction motor is set to be smaller than a mutual inductance
converted to the primary side of the induction motor.

4. The induction motor control apparatus according to
claim 3, wherein the time in which the inverter apparatus
outputs the zero voltage is at least three times or more of a
primary time constant calculated from a resistance value and
an inductance value of the induction motor.

5. The induction motor control apparatus according to
claim 3, wherein the voltage command for the inverter appa-
ratus is further calculated by using a calculation equation in
which the time constant in the period before the inverter
apparatus is caused to output the zero voltage and before the
start of a decrease in a torque current and an excitation current
for the induction motor is set to be greater than the time
constant in the period after the start of the decrease in the
torque current and the excitation current and until the torque
current and the excitation current become zero.

6. The induction motor control apparatus according to
claim 3, wherein in the period before the inverter apparatus is
caused to output the zero voltage and before the start of a
decrease in a torque current and an excitation current for the
induction motor, the voltage command for the inverter appa-
ratus is calculated according to the following Equation 1, and

in the period after the start of the decrease in the torque
current and the excitation current and until the torque
current and the excitation current become zero, the volt-
age command for the inverter apparatus is calculated
according to the following Equation 5,

wherein Vd represents a voltage in a d-axis direction, Vq
represents a voltage in a q-axis direction, Id represents
the excitation current, Iq represents the torque current,
Ro represents the resistance value converted to the pri-
mary side of the induction motor, Lo represents the
leakage inductance value converted to the primary side
of the induction motor, R2 represents the secondary
resistance, L2 represents the secondary self-inductance,
Lm represents the mutual inductance, 72 represents the
time constant calculated from the secondary resistance
of the induction motor, To represents the time constant
calculated from the resistance value converted to the
primary side of the induction motor, ®d represents a
d-axis magnetic flux, Fi represents a frequency com-
mand, Fr represents a rotation speed of the induction
motor, and s represents a differential operator,

Lm
122

Equation 1

Vd=(Ro+s-Lo)-Id —=2r-Fi-Lo-Ig— R2- od

Lm
Vq:(Ro'+s-Lo’)-1q+27r-Fi-Lo’-1d+27r-Fr-E-¢d

Lm-1d

d=—
¢ 1+45-72
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-continued

. Lm Equation 5
Vd:(Ro'+s-Lo‘)-1d—27r-Fz-Lo‘-1q—RZ-m-aﬁd

Lm
Vq:(Ro'+s-L0')-1q+27r-Fi-Lo’-1d+27r-Fr-E-¢d

Lm-1d
T l4s-To’

od

7. The induction motor control apparatus according to
claim 1, wherein a voltage command for the inverter appara-
tus is calculated by using a calculation equation in which the
time constant in the period before the inverter apparatus is
caused to output the zero voltage and before the start of a
decrease in a torque current and an excitation current for the
induction motor is set to be greater than the time constant in
the period after the start of the decrease in the torque current
and the excitation current and until the torque current and the
excitation current become zero.

8. The induction motor control apparatus according to
claim 7, wherein the time in which the inverter apparatus
outputs the zero voltage is at least three times or more of a
primary time constant calculated from a resistance value and
an inductance value of the induction motor.

9. The induction motor control apparatus according to
claim 7, wherein in the period before the inverter apparatus is
caused to output the zero voltage and before the start of a
decrease in a torque current and an excitation current for the
induction motor, the voltage command for the inverter appa-
ratus is calculated according to the following Equation 1, and

in the period after the start of the decrease in the torque

current and the excitation current and until the torque
current and the excitation current become zero, the volt-
age command for the inverter apparatus is calculated
according to the following Equation 1, and

wherein Vd represents a voltage in a d-axis direction, Vq

represents a voltage in a q-axis direction, Id represents
the excitation current, Iq represents the torque current,
Ro represents the resistance value converted to the pri-
mary side of the induction motor, Lo represents the
leakage inductance value converted to the primary side
of the induction motor, R2 represents the secondary
resistance, L2 represents the secondary self-inductance,
Lm represents the mutual inductance, T2 represents the
time constant calculated from the secondary resistance
of the induction motor, To represents the time constant
calculated from the resistance value converted to the
primary side of the induction motor, ®d represents a
d-axis magnetic flux, Fi represents a frequency com-
mand, Fr represents a rotation speed of the induction
motor, and s represents a differential operator,

. Lm Equation 1
Vd:(Ro'+s-Lo’)-1d—27r-Fl-Lo’-1q—RZ-m-qﬁd
Lm
Vq:(Ro'+s-L0')-1q+27r-Fi-Lo’-1d+27r-Fr-E-¢d

Lm-1d
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-continued

. Lm Equation 5
Vd:(Ro'+s-L0')-1d—Zﬂ-Fz-l,O'-Iq—RZ-E-¢d

Lm
Vq:(Ro'+s-Lo’)-1q+27r-Fi-Lo’-1d+27r-Fr-E-¢d

Lm-1d
T l4s-To'

od

10. The induction motor control apparatus according to
claim 1, wherein in the period before the inverter apparatus is
caused to output the zero voltage and before the start of a
decrease in a torque current and an excitation current for the
induction motor, the voltage command for the inverter appa-
ratus is calculated according to the following Equation 1, and

in the period after the start of the decrease in the torque
current and the excitation current and until the torque
current and the excitation current become zero, the volt-
age command for the inverter apparatus is calculated
according to the following Equation 5,

wherein Vd represents a voltage in a d-axis direction, Vq
represents a voltage in a q-axis direction, Id represents
the excitation current, Iq represents the torque current,
Ro represents the resistance value converted to the pri-
mary side of the induction motor, Lo represents the
leakage inductance value converted to the primary side
of the induction motor, R2 represents the secondary
resistance, L2 represents the secondary self-inductance,
Lm represents the mutual inductance, T2 represents the
time constant calculated from the secondary resistance
of the induction motor, To represents the time constant
calculated from the resistance value converted to the
primary side of the induction motor, ®d represents a
d-axis magnetic flux, Fi represents a frequency com-
mand, Fr represents a rotation speed of the induction
motor, and s represents a differential operator,

. Lm Equation 1
Vd =(Ro +s-Lo)-1d ~2u- Fi- Lo 1g~ R2: 75 -9d
Lm
Vq:(Ro'+s-Lo’)-1q+27r-Fi-Lo’-1d+27r-Fr-E-¢d
g Lm-1d
¢ T 14s-T2
Lm Equation 5
Vd = (Ro+5-Lo)-1d = 2x-Fi- Lo 1g - R2- 725 -¢d quation
Lm
Vq:(Ro'+s-Lo’)-1q+27r-Fi-Lo’-1d+27r-Fr-E-¢d
g Lm-1d
¢ T l4s-To

11. The induction motor control apparatus according to
claim 10, wherein the time in which the inverter apparatus
outputs the zero voltage is at least three times or more of a
primary time constant calculated from a resistance value and
an inductance value of the induction motor.
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